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The Earth’s Interior 
Crust: 
Oceanic crust 

Thin: 10 km 
   
         sediments 

 pillow basalt 
 massive gabbro 
 ultramafic (mantle) 

Continental Crust 
Thicker: 20-90 km   average ~35 km 
 Granodiorite 

 



The Earth’s Interior 

Mantle: 
Peridotite (ultramafic) 

      Upper to 410 km (olivine → spinel)  
 

 Low Velocity Layer 60-220 km 

Lower Mantle has more gradual       
 velocity increase 





The Earth’s Interior 

Core:  
Fe-Ni metallic alloy 

Outer Core is liquid 
 No S-waves 

Inner Core is solid 



Figure 1.3  Variation in P and S wave velocities with depth. Compositional subdivisions of the Earth are on the left, 
rheological subdivisions on the right. After Kearey and Vine (1990), Global Tectonics. © Blackwell Scientific. Oxford.  



Figure 1.5  Relative atomic abundances of the seven most common elements that comprise 97% of the Earth's mass. An 
Introduction to Igneous and Metamorphic Petrology, by John Winter , Prentice Hall. 



The Pressure Gradient 

 P increases = ρgh 
 Nearly linear through mantle 

 
 Core:. more rapidly  since 

alloy more dense 

Figure 1.8  Pressure variation with depth. From Dziewonski and 
Anderson (1981). Phys. Earth Planet. Int., 25, 297-356. © Elsevier 
Science. 



The Geothermal Gradient 
Figure 1.9   Diagrammatic 
cross-section through the upper 
200-300 km of the Earth 
showing geothermal gradients 
reflecting more efficient 
adiabatic (constant heat 
content) convection of heat in 
the mobile asthenosphere 
(steeper gradient in blue) ) and 
less efficient conductive heat 
transfer through the more rigid 
lithosphere (shallower gradient 
in red). The boundary layer is a 
zone across which the 
transition in rheology and heat 
transfer mechanism occurs (in 
green). The thickness of the 
boundary layer is exaggerated 
here for clarity: it is probably 
less than half the thickness of 
the lithosphere.  
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Plate tectonics 

From:   quakeinfo.ucsd.edu/%7Egabi/sio15/Lecture04.html 

The old question of whether convection drives plate tectonics or not  

         plate tectonics is mantle convection. 
The core, however, cools by more vigorous convection which heats the  

base of the mantle by conduction and initiates plumes (lower viscosity) 

http://quakeinfo.ucsd.edu/%7Egabi/sio15/Lecture04.html


Plate Tectonic - Igneous Genesis  

1. Mid-Ocean Ridges 
2. Intracontinental Rifts 
3. Island Arcs 
4. Active Continental 

Margins  

5. Back-Arc Basins 
6. Ocean Island Basalts 
7. Miscellaneous Intra-

 Continental Activity 
kimberlites, carbonatites, 

anorthosites... 



 
Extrusive Igneous Rocks 

 (Volcanic Eruptions) 
• In general, magmas that are generated deep within the Earth begin to rise  

 
• If the the magma has a low viscosity, then the gas can expand easily.  When the 

magma reaches the surface, the gas bubble will simply burst, the gas will easily 
expand to atmospheric pressure, and a non-explosive eruption will occur, 
usually as a lava flow.  

• If the the magma has a high viscosity, then the gas will not be able to expand 
easily.  Thus, pressure will build inside the gas bubble(s).  When the magma 
reaches the surface, the gas bubbles will have a high pressure inside, which will 
cause them to burst explosively on reaching atmospheric  pressure.  This will 
cause an explosive volcanic eruption. 
 





A. Non explosive Eruptions 
• Non explosive eruptions are favored by low gas content and  

 
 

            low viscosity magmas (basaltic to andesitic magmas). 
 
 
• Lava flows are produced on the surface, and these run like 

liquids down slope, along the lowest areas they can find. Lava 
flows produced by eruptions under water are called pillow 
lavas.  
 

 





B. Explosive Eruptions 

• High viscosity   and high gas content magmas    
  
 

              High viscosity   =  (Acidic magmas) 
 
 
• Explosive bursting of bubbles will fragment the magma into parts of 

liquid that will cool as they fall through the air.   
   
These solid particles become pyroclasts (hot fragments) 
 
  















Igneous rocks structures 
I. Extrusive ( Volcanic) structures 



1. V 
1. Volcanic Structures 

(Volcanoes) 
A. Volcanic cone 
B. Volcanic sheet 
C. Volcanic crater  

Crater 
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Shield Volcanoes 

• A shield volcano is characterized by gentle upper slopes 
(about 5o) and somewhat steeper lower slopes (about 10o).  

• Shield volcanoes are composed almost entirely of  
               thin lava flows built up over a central vent. 
• Most shields are formed by 
              low viscosity basaltic magma = basic   
       that flows easily down slope away form a summit vent.  
• The low viscosity of the magma allows the lava to travel 

down slope on a gentle slope,  



B. Composite Volcanoes 
(Stratovolcanoes ) 

• Have steeper slopes than shields, with 
slopes of 6 - 10o  

• Steep slope result from thick, 
short  viscous lava flows that don't 
travel far  from the vent. 

• The gentler slopes near the base are 
due to accumulations of material 
eroded from the volcano and to the 
accumulation of pyroclastic material. 

• Stratovolcanoes show inter-layering of 
lava flows and pyroclastic material, 
which is why they are sometimes called 
composite volcanoes.  Pyroclastic 
material can make up over 50% of the 
volume of a stratovolcano. 

• Lavas and pyroclastics are usually 
andesitic to rhyolitic in composition. 

 



Lava domes 



Crater & Caldera                          



.Bloky (ah ah) lava   
    is basaltic 

lavacharacterized by a 
rough surface 

 
-Ropy (pahoehoe ) lava 
 is basaltic lava that has a 

smooth, or ropy surface. 
These surface features 

 

 

 

.Flow structures 



. Pillow lavas are lavas that contain pillow-shaped lava 
under water, 
 
. Pillow lavas up to one meter in diameter.  
 
 

https://en.wikipedia.org/wiki/Lava


II. Intrusive structures  



 A. Hypabyssal Intrusions    
   Intrusions that intrude rocks at shallow levels of the crust    are 
termed hypabyssal intrusions.  
 
 
 
*    Shallow generally refers to depths less than about 1 km.   
 
 
*     Hypabyssal intrusions always show sharp contact relations 
with the rocks that they intrude.  
 Several types are found: 



1. Sills are also small (<50 m thick) shallow intrusions that show a 
concordant relationship with the rocks that they intrude.  

  
* Sills usually are fed by dikes, but these may not be exposed in the 
field.  



2. Dikes are small (<20 m wide) shallow intrusions that 
show a discordant relationship to the rocks in which they 
intrude.  
* Discordant means that they cut across preexisting 
structures.  



Types of dikes 



 c. Phacoliths  concordant bodies with lenticular or 
wavy     shape   , as a result from the folding of 
beds 





B. Plutons 



• TERMS USED WHEN DESCIBING TEXTURE OF IGNEOUS ROCKS 

• Below is a list of the words most commonly used to 
describe the textural features of igneous rocks. Some of 
the terms are illustrated with photomicrographs . 

•   
• DEGREE OF CRYSTALLINITY 
•  Holocrystalline :composed entirely of crystals. 
• Vitreous or holohyaline :composed of glass. 
• Hypocrystalline :composed of both crystals and glass. 

 

by the  defined normally is rock of an igneous texture The
size and form of its constituent mineral grains and by the 
spatial relationships of individual grains with one another and 
with groundmass . 











B- Inequegranular  



















 



PLATE TECTONICS 

 



 



 

In collision plates. 



 



OphioliteThe  
•or ophiolites  Ophiolite complexes

(snake stones) are uplifted or 
emplaced sections of oceanic crust 

upper  rocks and subjacent
that become exposed  mantle

within rocks of the continental 
crustal. The age of ophiolite 
formation is often quite close to 
the age of their emplacement into 
the continental crust).The typical 
rock succession of ophiolites shown 
in this figure.  

http://paleogeology.blogspot.com/2008/10/ophiolite-complexes.html
http://paleogeology.blogspot.com/2008/11/earths-structure.html
http://paleogeology.blogspot.com/2008/11/earths-structure.html


 



 



 



IGNEOUS ROCKS IN IRAQ 

 



• Crystallization  of Magma (Bowens’ reaction series)  

Crystallization and Evolution of magma   



Magma Formation 
• Partial melting and magma formation 
• partial melting is  Incomplete melting of rocks 
 forming basaltic magmas. 

 
– Most magmas originate from the partial melting 
of mantle rocks at oceanic ridges. 

 
– Large flows of basaltic magma are common at 
Earth’s surface 
 



• A.Partial melting and formed magma 
 produce andesitic magmas by 
interaction of basaltic magmas and 
more silica-rich rocks in the crust 
 
• Or  may also devolve by magmatic 

differentiation 





b. Partial melting and formed magma 
 form granitic magmas most likely form as the 
end product of crystallization of andesitic 
magma. 
– Granitic magmas are more viscous than other 
magmas—tend to lose their mobility before 
reaching the surface. 
– Produce large plutonic structures 



Evolution of Magmas 
-Processes responsible for changing a magma’s 
composition  
1. Mixing  of magmas 
2. Magmatic differentiation 
– Separation of a melt from earlier formed 
Crystals (Bowen’ reaction series ) 
3. Assimilation or Contamination 
– Changing a magma’s composition by 
incorporating surrounding rock bodies into a 
magma 
 



 



Evolution of Magmas 

-  Processes responsible for changing a 
magma’s composition 

mixingMagma •1 
– Two chemically distinct magmas may   
produce a composition quite different from 
either  original magma 
Example :  
Basaltic magma + Rhyolite magma →Andesite  
Basic                        Acidic               Intermediate 
 
 



1.Magma mixing 



2. Magmatic differentiation 



3.Assimilation or Contamination 



• How Different Magmas Form? 
 1.Factors effecting melting of rocks- thus create 
magma 
a- Heat – radioactive isotopes, original Earth heat 
b- Pressure – increases melting point of 
minerals/rocks 
c. Water – lowers melting point of minerals 
 
 2. Fractional Crystallization (Magma Differentiation). 
3. Magma – Assimilation, 
4. Magma – Mixing 



Classification of Igneous Rocks 
Textures: 

Aphanitic- crystals too small to see by eye 
Phaneritic- can see the constituent minerals 

Fine grained- < 1 mm diameter 
Medium grained- 1-5 mm diameter 
Coarse grained- 5-50 mm diameter 
Very coarse grained- > 50 mm diameter 

Porphyritic- bimodal grain size distribution 
Glassy- no crystals formed 



Classification of Igneous Rocks 

Figure 2.1a. Method #1 for plotting a point with the components: 70% X, 20% Y, and 10% Z on 
triangular diagrams. An Introduction to Igneous and Metamorphic Petrology, John Winter, Prentice Hall. 



Classification of 
Igneous Rocks 

Figure 2.2a. A classification of the phaneritic igneous 
rocks: Phaneritic rocks with more than 10% (quartz + 
feldspar + feldspathoids). After IUGS. 



Classification of 
Igneous Rocks 

Figure 2.3. A classification and nomenclature 
of volcanic rocks. After IUGS.  



Classification of Igneous Rocks 

Figure 2.2b. A classification of the phaneritic 
igneous rocks: Gabbroic rocks. After IUGS. 



Classification of Igneous Rocks 

Figure 2.2c. A classification of the phaneritic 
igneous rocks: Ultramafic rocks. After IUGS. 



Classification of Igneous Rocks 

Figure 2.4. A chemical classification of volcanics based on total alkalis vs. silica. After Le Maitre 
(2002) . Igneous Rocks: A Classification and Glossary of Terms. Cambridge University Press. 



Classification of Igneous Rocks 

Figure 2.5. Classification of the pyroclastic rocks. After Fisher (1966) Earth Sci. Rev., 1, 287-298.  
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